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methyl  a-n-alkylacrylates  with  long  alkyl  groups  was  studied.  Methyl  a- 
n-dodecyl-,  methyl  af-n-hexadecyl-,  and  methyl  a-n-octadecylacrylate  were 
prepared  from  the  appropriate  alkylmalonic  monomethyl  esters  via  a Mannich- 
type  reaction  which  yielded  a product  free  from  isomeric  impurities.  Anio- 
nic homopolymerizations  were  carried  out  using  sodium  naphthalene  (at  -75°) 
and  sodium  metal  (at  0°  and  room  temperature)  as  initiators.  The  highest 
molecular  weights  and  yields  of  polymer  have  thus  far  been  obtained  using 
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20.  sodium  metal;  e.g.,  after  14  days  at  0°  a Mn  of  15,000  (80%  yield)  was 
obtained  for  poly(methyl  a-n-dodecylacrylate) , and  after  8 days  at  room 
temperature  a Mn  of  7083  (70%  yield)  was  obtained  for  poly(methyl  o-n-hexa- 
decylacrylate)  . Emulsion  polymerizations  of  the  methyl  CY-n-dodecylacrylate 
and  methyl  o-n-octadecylacrylate  with  ammonium  persulfate  and  sodium  bisul- 
fite yielded  traces  of  oligomers.  Poly(methyl  o-n-dodecylacrylate)  is  a 
clear,  colorless,  sticky,  rubbery  polymer.  Its  X-ray  diffraction  pattern 
shows  it  to  be  amorphous  at  room  temperature.  The  poly  (methyl  a-n-hexa- 
decylacrylate)  and  poly(methyl  o-n-octadecylacrylate)  are  white  waxes  which, 
when  heated,  resemble  the  poly(methyl  o-n-dodecylacrylate) . X-Ray  dif- 
fraction studies  at  room  temperature  on  a thin  film  of  the  polymers  show 
crystallinity.  All  of  the  polymers  are  readily  soluble  in  aromatic  and 
aliphatic  hydrocarbons  and  ethers  and  slightly  soluble  in  alcohols  and 
ketones. 

This  research  has  produced  the  first  poly(methyl  a-n-alkylacrylates) 
with  alkyl  >Cl2H25'  Suc^  Poty™618’  because  of  their  friction  and  wear 
reducing  characteristics,  are  potentially  useful  as  additives  for  Army 
fluids  and  lubricants. 
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7075  alloy  into  a fine  grained  material  was  found  to  be  controlled  by  the 
distribution  of  the  major  alloying  elements,  Zn,  Mg  and  Cu,  as  well  as  by 
that  of  the  ancillary  element,  Cr.  The  results  showed  that  for  a given 
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The  diffusion  of  various  concentrations  of  a deterrent  (di-n-butyl  phthalate 
into  a spherical,  nitroglycerin-containing  nitrocellulose  matrix  was  studied 
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a method  for  calculating  the  depth  of  deterrent  penetration  is  presented. 
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mechanical  properties  of  various  plastic  materials,  reinforced  and  un- 
reinforced, are  provided  for  informative  and  comparative  purposes. 
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be  further  investigated. 
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analyzed  numerically,  and  the  heat  flux  was  obtained  from  experimentally 
determined  burning  rates  of  stationary  and  spinning  tracer  bullets.  The 
presence  of  the  binder  was  neglected  in  the  analytical  study. 

By  assuming  that  the  metal  oxide  was  generated  in  the  gas  phase,  the 
thickness  of  the  reaction  zone  was  obtained  as  a function  of  the  particle 
size.  Burning  rates  were  computed  as  a function  of  heat  flux  for  various 
fuel-to-oxidizer  ratios.  The  application  of  these  findings  to  tracer 
munitions  still  requires  experimentally  determined  burning  rates  that 
define  the  partition  between  the  heat  flux  into  the  solid  and  the  total 
heat  generated  by  the  tracer  reaction. 

The  understanding  of  tracer  reactions  which  was  achieved  in  this  study 
will  be  valuable  in  other  applications  of  metal-oxidant  systems  such  as 
flares  and  fumer  bullets. 
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The  concept  of  hardmounting  a laser  rangefinder  to  a helicopter  airframe 
and  having  the  pilot  obtain  the  rang  : to  target  by  pointing  the  aircraft, 
was  evaluated.  The  overall  results  indicate  that  this  technique  produced 
range  errors  of  approximately  10%  over  all  altitudes  (300  ft.  to  2500  ft.). 
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This  was  due  to  small  angular  pointing  errors  translating  into  large 
horizontal  miss  distances  when  small  grazing  angles  are  incurred.  Range 
errors  of  20-25%  were  projected  at  50-100  ft.  altitudes.  It  was  also 
determined  that  last  pulse  return  logic  produced  smaller  range  errors  than 
first  pulse  return  logic. 

In  summary,  utilization  of  a laser  rangefinder  in  a hardmounted  config- 
uration was  found  to  be  severely  limited  by  the  pilot's  ability  to  point 
the  aircraft.  This  indicates  the  need  for  independent  pointing  of  the 
laser  for  effective  rangefinder  application  to  helicopter  fire  control 
systems,  particularly  under  nap-of-the-earth  (NOE)  conditions. 
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20.  ABSTRACT  (Cont’d) 

for  pitting  corrosion.  The  addition  of  inhibitor  to  hydrofluoric  acid 
solution  resulted  in  an  increase  in  the  corrosion  potential  of  steel  in- 
dicative of  predominant  inhibition  of  the  anodic  reaction;  the  highest 
potential  was  obtained  with  OTTU  addition.  The  corrosion  potential  of 
steel  in  acid  containing  organic  inhibitors  was  unrelated  to  degree  of  in- 
hibitor effectiveness  but  with  metal  salt  addition,  the  log  corrosion 
weight  loss  was  linearly  related  to  the  potential. 

The  ability  for  various  metals  to  resist  hydrofluoric  acid  attack 
was  determined  in  order  to  arrive  at  potential  coating  systems  for  steel 
or  alternate  membrane  materials.  Steel  was  rapidly  attacked  in  uninhibited 
0.59  N hydrofluoric  acid.  The  metals:  steel,  antimony,  321  stainless 
steel,  tin,  lead,  nickel,  and  magnesium  are  in  the  order  of  increasing  re- 
sistance to  acid  dissolution. 

Corrosion  inhibitors  in  the  actual  corrosive  agent  of  the  binary  pro- 
jectile were  relatively  ineffective  for  reducing  corrosion  rates  of  steel. 
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This  study  was  performed  to  determine  whether  a correlation  could  be 
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20  Abstract  (cont'd) 

In  addition,  7039  aluminum  plates  were  heat  treated  to  provide 
several  selected  strength  levels  outside  the  MIL-A-46063  specification 
range  to  determine  whether  a correlation  could  be  found  over  a wider 
range  of  properties  than  that  covered  by  the  specification. 

The  results  of  the  work  indicate  that: 

1.  No  linear  correlation  could  be  found  between  the  SCC  resistance 
of  7039-T6  alloy  plates  and  other  characteristics  i.e.  yield  strength, 
ballistic  performance,  and  electrical  conductivity. 

2.  No  significant  distinction  could  be  made  between  the  yield 
strength  or  ballistic  performance  of  7039-T6  material  that  passed  the 
standard  SCC  test  and  the  corresponding  property  of  material  that  failed 
the  test. 

Recommendations  are  given  for  future  work  on  other  weldable  aluminum 
alloys  in  which  correlations  might  possibly  exist. 
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to  angular  pointing  errors  translating  into  large  slant  range  errors 
when  small  grazing  angles  are  incurred.  Range  errors  approaching  15% 
were  projected  with  this  system  at  50-100  foot  altitudes.  It  was  also 
determined  that  the  use  of  first  pulse  return  logic  generally  pro- 
duced smaller  range  errors  than  last  pulse  logic.  In  addition,  a 
reduction  in  operational  airspeed  resulted  in  a slight  decline  in  the 
range  error. 

In  summary,  utilization  of  a non-stabilized  gimballed  laser  range- 
finder configuration  by  the  copilot/gunner  for  helicopter  fire  control 
systems  was  only  marginally  effective  at  lower  altitudes.  The  need 
for  stabilization  of  the  pointing  system  is  indicated  particularly 
under  nap-of-the-earth  (NOE)  conditions.  The  addition  of  a stabiliza- 
tion capability  will  aid  laser  pointing  while  simultaneously  allowing 
use  of  magnification  to  improve  target  detection,  recognition  and 
identification  ranges. 
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assumed,  corresponding  to  present  requirements  for  the  Future  Rifle 
System.  The  range-dependent  errors  due  to  velocity  variations  are  treated 
as  perturbations  of  the  ballistic  error.  The  nose-tap  (NT)  procedure 
of  chambering  cartridges  is  compared  to  the  standard  base-tap  (BT) 
procedure  by  assuming  that  zero  bias  is  applicable  to  the  BT  procedure 
and  that  the  NT  procedure  introduces  a finite  bias.  Calculations 
are  conducted  with  assumptions  which  tend  to  maximize  the  influence  of 
the  velocity  variation,  and  the  limiting  case  of  zero  aiming  error  is 
also  treated.  The  changes  in  hit  probability  due  to  the  statistical 
velocity  variations  corresponding  to  the  BT  and  NT  air  space  positions 
are  shown  to  bt  insignificant  for  these  two  standard  cartridges. 
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This  report  documents  engineering  activities  associated  with  the  design, 
development  and  evaluation  of  a high  velocity  Caliber  .38  Special  Military 
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suitable  pick-up  coil  and  embedded  in  the  projectile  surface  with  in- 
duced magnetic  poles  occurring  in  the  barrel  wall.  The  flux  change 
produced  on  barrel  exit  yields  electrical  energy  which  is  stored  on  a 
capacitor.  Optimization  techniques  are  applied  to  magnetic  materials 
choice,  the  magnetic  circuit  configuration,  and  methods  for  storing 
energy.  Such  techniques  are  particularly  important  in  satisfying  the 
constraints  of  small  size  and  large  air  gaps  where  proportional  scaling  , 
of  previously  developed,  relatively  inefficient  devices  is  inadequate  < 
to  satisfy  energy  requirements.  An  analysis  has  been  made,  based  on  the 
theory  of  magnetic  images,  to  obtain  the  flux  change  produced  on  barrel 
exit.  This  analysis  has  led  to  a basis  for  the  selection  of  device 
configurations  and  materials  which  maximizes  the  output  energy  as  a 
fraction  of  the  total  energy  stored  in  the  magnetic  field.  Dynamic 
tests  simulating  barrel  exit  have  confirmed  for  the  optimum  designs  a 
reasonable  device  efficiency;  that  is,  acceptable  output  energy  per  unit 
volume  of  the  magnetic  structure.  Design  considerations  involved  in 
further  improvement  are  discussed,  particularly  the  advantage  of  rare 
earth  magnets  in  reducing  size  and  increasing  performance.  To  illustrate1 
the  principles  involved  in  magnetic  circuit  optimization,  permeance  flux  i 
calculations  are  given  for  several  magnet  configurations;  and  computer  i 
circuit  programs  are  used  to  determine  optimum  component  values  for 
energy  storage  capacitors  as  a function  of  muzzle  velocity. 
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20.  ABSTRACT  - (cont'd) 

The  large  number  of  variables  and  the  complexity  of  modeling  interiorj 
ballistic  performance  as  a function  of  propellant  position  make  theoreticafl 
interior-ballistic  analysis  exceedingly  difficult.  Therefore,  the  inves- 
tigative method  was  more  experimental.  The  various  factors  that  could 
contribute  to  such  a malfunction  were  predicted  on  the  basis  of  field 
malfunctions,  related  practical  experience  in  ammunition  design  and 
performance,  and  established  principles  of  interior  ballistics.  These 
predictions  were  verified  experimentally. 

From  this  study  it  was  concluded  that  of  all  the  possible  factors 
that  could  contribute  to  a bullet-in-bore,  the  large  amount  of  air  space 
is  the  most  significant.  Large  variations  in  cartridge  performance  are 
possible  with  different  positions  of  propellant  within  this  air  space. 

It  was  shown  that  a low  bullet  extraction  force  could  also  significantly 
contribute  to  such  a malfunction. 

Based  on  these  findings,  it  was  recommended  that  the  cartridge  be 
made  less  susceptible  to  these  malfunctions  by  reducing  the  amount  of  air 
space  and  increasing  the  controlling  the  bullet  extraction  force.  Possi- 
ble design  changes  for  accomplisning  this  aie  discussed  in  the  CONCLUSION 
at  the  end  of  this  report. 
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minute  and  at  14fi°  and  150°C  at  a scan  speed  of  10°C  per  minute).  When 
tetracene  was  heated  at  a scan  speed  of  80°C  per  minute  only  one  large 
sharp  exothermic  peak  was  produced.  It  is  believed  the  two  peaks 
obtained  at  scan  speeds  of  0.62!?  to  10°C  per  minute  represent  decomposi- 
tion of  the  tetracene  in  two  successive  stages,  the  first  of  which  is 
probably  decomposition  into  a liquid  product  (and  nitrogen).  The  deduc- 
tion that  a liquid  product  is  produced  follows  from  the  fact  that  a 
distinct  apparent  melting  point  occurs  about  0.5°C  before  the  explosion 
point  when  tetracene  is  tested  in  the  Vanderkamp  melting  point  apparatus 
as  described  in  the  Government  specif ication  for  tetracene  (MIL-T-46938A) . 
A stability  test  for  tetracene  is  proposed  that  involves  heating  of  the 
tetracene  in  aluminum  pans  from  the  DSC  apparatus  in  ovens  at  100  , 75  , 
and  60°C,  removing  the  pans  and  samples  at  intervals  of  30  minutes,  24 
hours,  and  7 days  (respectively),  subjecting  the  samples  to  DSC  at  1.25°C 
per  minute,  and  noting  the  time  interval  in  the  oven  that  produces  a DSC 
curve  that  shows  obliteration  of  the  second  peak.  Two  lots  of  tetracene 
made  by  different  processes  showed  marked  differences  in  stability 
characteristics. 
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or  other  dark-colored  solutions;  however,  the  colors  of  all  the  solutions 
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and  significant  absorption  in  this  region.  Sulfuric  acid  showed  a strong 
peak  at  416  nm.  Sulfuric  acid,  morpholine,  and  piperidine  showed  peaks  in 
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the  color  in  sulfuric  acid,  perchloric  acid,  nitric  acid,  and  dimethyl- 
sulfoxide  at  416,  486,  487,  and  506  nm,  respectively.  The  method  could  not? 
be  applied  to  the  determination  of  Tacot  in  primers  because  of  the  diffi- 
culty of  completely  extracting  the  Tacot  from  the  primers  and  also  because  I 
the  other  ingredients  of  primers  interfered  with  the  color.  | 
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